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@ Dehalogenation organohalogen-contalnlng compounds. 



I Enzymatic dehalogenation of undesirable nttrogervfree organohalogen compounds is carried out by 
adding a dehalogenase to an aqueous composition comprising a nitrogenfree organohalogen com- 
pound and a nitrogen-containing cationic polymer. The enzymatic dehalogenation of the nitrogen-free 
organohalogen compound is achieved without any substantial effect upon the nitrogen-free 
organohalogen compound. The dehalogenation method may be carried out via continuous, batch, or 
semi-continuous processes. 

The composition is especially useful as a paper wet strengthening formulation, and is useful in 
commercial papermaJdng processes. The resulting paper product comprises a residue of a microorgan- 
ism. 

Preferably the enzyme Is obtained from a blocatalyst, stOt more preferably from a microorganism. 
Batcrvenrlohment of a culture of a dehalogenase-oontalnlng microorganism provides a composition 
capable of substantially eliminating the presence of nitrogen-free organohalogen compounds, which 
are considered to be pollutants. Ceil concentrations of greater than 5 x 10 7 cells/ml are provided. 
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The present invention relates to reducing the levels of nitrogen-free organohalogen compounds in aqueous 
compositions. More particularly, the present Invention relates to the purification of aqueous compositions com- 
prising a nibrogenfree organohalogen compound and a nitrogen-containing cationic polymer. The invention also 
relates to a composition comprising a nitrogen-containing cationic polymer together with a nitrogen-free orga- 
5 nohalogen compound and an enzyme. The invention further relates to a paper wet strengthening formulation, 
and to a paper product comprising a nitrogencontaining cationic polymer together with a residue of a microor- 
ganism. Finally, the present Invention relates to continuous, batch, and semi-continuous methods for making 
the above-described aqueous composition, as well as to a papermaking method utiizing the composition of 
the present invention. 

10 Aqueous polymer products made by methods involving haloatkylene oxide reactants often contain unwant- 
ed nitrogenfree organohalogen byproducts which are considered to be pollutants. For example, reactions in- 
volving epichlorohydrin, used as an intermediate In the manufacture of a wide variety of chemicals and polymers 
In aqueous media, can lead to the formation of 1,3-dlchloro-2-propanol (DCP) and 1-chloro-2,3-propanediol 
(CPD). These unwanted byproducts are formed by the reaction of epichlorohydrin with evolved chloride (on and 

15 water. Increasing environmental concerns have created a demand for products that are free from such envir- 
onmentally unsound byproducts as 1 ,3-dichloro-2-propanol and 1-ehlon>2,3-propanediol, as well as unreacted 
epichlorohydrin and other hatogenated oxyalkylene compounds. 

Physical methods of decontaminating aqueous reaction products containing unwanted nitrogen-free orga- 
nohalogen byproducts ana known, such as solvent extraction with a water-Immiscible solvent or adsorption on 

20 a solid adsorbent, such as charcoal. However, such known methods can result In depletion of the reaction prod- 
uct, as well a8 requiring costly measures to recover and purify the solvent or adsorbent Furthermore, such 
methods still leave the problem of how to ultimately dispose of the contaminants, i.e. the undesfred halogenated 
oxyalkylene compounds. 

It la known that nitrogen-free organohalogan-oontalnlng compounds can be converted to a relatively harm- 
25 less substance. For example,- 1,3-dichloro-2-propanol. 1-chloro-2,3-propanediol, and epichlorohydrin have 
been treated with alkali to produce glycerol. 

The conversion of nitrogen-free organohalogen compounds with microorganisms containing a dehaloge- 
nase is also known. For example, C.E. Castro, et at ("Biological Cleavage of Carbon-Halogen Bonds Metab- 
olism of 3-Bromopropanol by Pseudomonas sp.\ Btochimica et Biophysics Acta . 100. 384-392, 1965) describe 
30 the use of Pseudomonas sp. isolated from soil that metabolizes 3-bromopropanol In sequence to 3-bromopro- 
pionic acid, 3-hydroxypropionic acid and CQ2. 

Various U.S. Patents also describe the use of microorganisms for dehalogenating halohydrine, e.g. U.S. 
Patents 4.452,894; 4.477,570; and 4,493,895. 

Finally, commercial papermaking operations utilize paper wet strengthening formulations which comprise 
3$ nitrogencontaining cationic polymers as well as nitrogen-free organohalogen compounds. In the papermaking 
process, waste material Is frequently disposed of In landfills, etc. This waste Is a substantially solid mass of 
. material which Is exposed to the environment. The exposure of the waste to the environment results In the se- 
lection of microorganisms which feed on the components In the waste. It Is known that there are microorganisms 
which feed on the nitrogen-free organohalogen compounds In the solid waste. .. 
40 The present Invention Is directed to the enzymatic dehalogenation of halogenated nitrogen-free organic 
compounds, In order to produce polymeric products In usable form. 

For some time It has been known that there are certain microorganisms which contain an enzyme capable 
of dehalogenating nitrogen-free organohalogen compounds. These microorganisms dehalogenate environ- 
mentally-damaging organohalogen compounds. However, these microorganisms have not been utilized In 
49 commercial papermaking operations. Rather, discarded organohalogen waste materials have been dehalogen- 
ated by these microorganisms, which exist freely In the environment 

The present Invention Involves a discovery of a means for utilizing the dehalogenating abDIty of certain en- 
zymes In commercial operations carried out to produce compositions which are In "usable form". I.e. are not 
contaminated with soil. It has been unexpectedly discovered that nitrogencontaining cationic polymers are left 
so substantially Intact during enzymatic dehalogenation of nitrogen-free organohalogen compounds. This result 
Is surprising because cationic polymers are adversely affected by other conditions used to produce dehalo- 
genation. For example polyamldes, and indeed all amides, ere attacked by strong aqueoua alkali to produce 
a pdyamide and the dicarboxyiic acid from which the poiyamide backbone was made. The result is also sur- 
prising because the microorganisms are found not to have any substantial undesirable effect upon the cationic 
55 polymer. 

It has also been unexpectedly discovered that certain microorganisms are capable of dehalogenating ni- 
trogen-free organohalogen compounds which are present at relatively high concentrations, such as in a reac- 
tion product from the polymerization of reactants which produce an epichlorohydrin resin. Surprisingly, such 
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microorganisms are able to dehalogenate nitrogen-free organohaJogen compounds present in such reaction 
products, without the nitrogen-free organohalogen compounds killing the microorganisms, especially when 
such reaction products are present at a concentration useful as a paper wet strengthening formulation. 

For example, cation Ic polymers bearing 3- hydroxy azetidinium groups are Important examples of polymers 
purified by the method of the present invention. The cationic 3- hydroxy azetidinium chloride group is reactive 
with alkaline solutions which convert the cationlc groups to uncharged groups, as foQows: 



A L. 

CH. CB, • OK* — | 
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CI 

OH 
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This reaction is undesired because the conversion of positively charged cationlc polymer groups to uncharged 
polymer groups reduces the ability of the polymer to impart wet strength to paper. This undesired reaction re- 
duces the performance of the polymer because the positively charged polymer (Le. cationically charged) is at- 

20 tracted to negatively (i.e. anlonlcaily) charged paper fibers. The reaction above decreases the positive charge 
on the cationlc polymer, and thereby Impairs the bonding of the polymer to cellulose fiber. 

Accordingly, a surprising result of the present invention is the discovery of a method for the dehalogenation 
of pollutant materials without sacrificing the nitrogencontatning cationic polymers which are present during the 
dehalogenation phase. ' 

25/ 1 The present invention involves a method for treating an aqueous composition comprising a nitrogen-con* 
i ' • taining cationic polymer and a nitrogen-free otrgahohaJoo^n compound. The method comprises me stsp^ 

adding an enzyme to the aqueous composition, and (2) dehalogenating the nitrogen- free organohaJogen com- 
pound. A composition comprising a nttrogencontaining cationic polymer, a nitrogen-free oraanohalogen com- 
pound, and a dehatogenase enzyme, Is also encompassed by the present invention. 

30 The enzyme is preferably obtained from a microorganism, I.e. contained in a cell. Specific microorganisms 
which contain a dehalogenase include one or more members selected from the group consisting of a Coryne- 
fonm organism 1. an Agrobacterium biovar I, a Pseudomonas cepacia, an Arth no barter sp, an Agrobacterium 
bksvar III, a Coryneform organism 2, an Arthrobacter histidinotovorans, and an Agrobacterium tumefaciens. 
These microorganisms are most effective when enriched and isolated, followed by being cultured to a high 

55 concentration. Accordingly, the present Invention further relates to a method of enrichment and Isolation of de- 
haiogenase-containing microorganisms, followed by cui hiring the isolated microorganism to increase the pop- 
ulation of the microorganism to a level effective to dehalogenate nitrogen-free organohalogen compounds pres- 
ent in a polymerization reaction product The step of enrichment and Isolation of a dehalogenase- containing 
microorganism is carried out by: (A) adding an environmental sample containing mixed microbial populations 

40 to a nitrogen-containing polymer and a nitrogenfree organohalogen compound; (B) incubating the mixture In 
either batch mode (preferably In a plurality of subcutturlng steps) or In continuous mode (I.e. by continuously 
supplying nitrogen-containing polymer and nitrogen-free organohalogen compounds, and continuously remov- 
ing the effluent); and (C) Isolating (Le. selecting) specific microorganisms which contain one or more dehalo- 
genases from the enrichment culture, on the basis of their ability to utilize notrogervfree organohalogen com- 

45 pounds for growth. The Incubation of the microorganism Is preferably carried out by performing from 2 to 5 sub- 
culturing steps Involving the addition of Increasing concentrations of nitrogen-free organohalogen compound. 
The enriched and Isolated microorganisms are then cultured to a concentration of at least 5 x 10 7 cells per mil- 
liliter, using a nitrogen-free organohalogen compound as a nutrient source. 

The most preferred use of the compositions of the present Invention Is In the papermaklng Industry. The 

so present Invention provides a composition suitable for use as a paper wet strengthening formulation. The for- 
mulation comprises water, a nitrogen-containing cationlc polymer, and preferably less than about 2.6 weight 
percent of a nitrogen-free organohalogen compound, based on the weight of the composition. 

The present Invention also encompasses a paper product comprising a nitrogen-containing cationlc poly- 
mer and a residue of a microorganism. The phrase "paper product" Includes all sheet and web materials formed 

55 by the deposition of vegetable, mineral, animal, or synthetic fibers, or their mixtures, especially celluloslc fibers. 
The "residue of the microorganism" In the paper product Is that portion of a dehalogenase-contalnlng microor- 
ganism which remains In the dry paper product after the completion of the papermaklng process. The paper 
product generally comprises the microorganism residue In an amount up to about 100 grams, and more spe- 
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rifically an amount of from about 2.5 grams to about 100 grams of microorganism residue, per ton of paper 
product 

The present invention also relates batch, continuous, and semi-continuous methods for making the com- 
position of the present Invention. Several important parameters in each of these methods Include: (1) the type 
5 and concentration of the polymer, (2) the type end concentration of the organohaiogen compound, and (3) the 
type and concentration of the biocatalyst 

The continuous method Involves the steps of: (f) continuously feeding the stream of the aqueous compo- 
sition into the reactor, and GO continuously removing the treated product from the reactor. Of course, flow rates 
and residence times are also of importance in successfully carrying out the continuous method. 
10 The method of the invention may also be carried out in intermittent fashion, in which event the method is 
termed a "semi-continuous* method. In the semi-continuous method, the reactor may be run, for example, for 
an 8 to 16 hour period, followed by being operated batchwise for the remainder of the day. The semi-continuous 
method involves the criticalities of both the continuous method and the batch method. 

Since the present invention is especially useful for the production of a paper wet strengthening formulation, 
is the present invention further encompasses a method of making paper. The method comprises the steps of: (1) 
providing an aqueous composition comprising a nitrogen-containing cationlc polymer and a nitrogen-free or- 
ganohaiogen compound; (2) adding an enzyme to the aqueous composition; (3) dehatogenating the nitrogen- 
free organohaiogen compound, whereby a treated composition is produced; (4) using the treated composition 
to make a paper wet strengthening formulation; and (5) adding the paper wet strengthening formulation to a 
20 stream in a papenmaking process. The enzyme is capable of dehalogenating the nitrogen-free organohaiogen 
compound while leaving the nitrogen-containing polymer substantially intact 

Accordingly, it Is an object of the present invention to reduce environmental pollution by dehatogenating 
nitrogen-free organohaiogen compounds, especially organohaiogen compounds produced in association with 
the production of nitrogencontaining catbnlc polymers. As a result a further object of the present invention is 
26 to provide a method for making a paper wet strengthening formulation, as well as a method of making paper 
using the paper wet strengthening formulation of the present invention. 

Finally, It is an object of the present Invention to provide a paper wet strengthening formulation, as well 88 
a paper product both of which are substantially free of nitrogen-free organohaiogen compounds. 

The present invention relates to methods for treating an aqueous composition comprising a nitrogen-con- 
30 taining cationlc polymer and a nitrogen-free organohaiogen compound. A major field of application for nitrogen- 
containing cationlc polymers b In the manufacture of paper products, more specfficatly, wet strengthening for- 
mulations used in the production of paper. 

A preferred group of polymers for use In the present invention Includes cationlc polymers, alone or together 
with other polymers used for the purpose of Imparting wet strength to paper. A listing of many polymers useful 
35 In papermaklng wet strengthening formulation Is described In Paper Chemistry . ISBN 0-216-92909-1, pages 
. 78-96, published In the USA by Chapman Hall, New York. Chapter 6 of this book Is entitled "Wet Strength Chem- 
istry - , and la hereby Incorporated, In Its entirety, by reference thereto. Chapter 6 describes several classes of 
- polymers which are used to Impart wet strength to paper, Including: pdyamlnoamlde-eplchlorohydrln rasln, 
urea-formaldehyde resin, melamlne-formaldehyde resin, epoxldfced polyamide resin, glyoxalated potyacryta- 
40 mide resin, potyethylenelmlne resin, dlafdehyde starch, protolnaceoua adhesive treated with formaldehyde, cel- 
lulose xanthate (viscose), synthetic latex, vegetable gum, gtyoxal. eplch lorohydrln resin. The potyamlnoamlde- 
eplchlorohydrtn resin may be a Kymene® brand polyamlnoamide-eplchlorohydrin resin, such as Kymene® 51 7, 
Kymene® 2064. Kymene® 450, and Kymene® 367 resins. 

The Invention Is directed to cationlc polymers such as polyamlnoamide-eplchlorohydrin resins, which may 
45 be used alone or In combination with the other polymers used for the wet strengthening of paper. Preferred 
resins for the purposes of this Invention Include polyaminoamlde-epichlorohydrtn wet-strength resins as de- 
scribed In U.S. Patents: 2,926,154; 3,332,901; 3,891,589; 3,197,427; 4,240,935, 4,857.586; European Patent 
Publication 0,349.935, and Great Britain Patent 865,727. Processes for making these known resins are also 
disclosed In these documents. These resins Include eplchlorohydrln resins and nitrogen-containing cationlc 
50 polymers, both of which are derived from eplchlorohydrln reactants. 

Exemplary eplchlorohydrln resins In these patents are characterized by the presence of N-chJorohydrin 
groups of the formula: 



N-CHj-CH'OHJ-CHjCl 
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and Isomeric 3-hydroxyazetidlnlum chloride groups of the formula: 



ci* 



V 

I 



A preferred cationic polymer utilized In the present invention Is a polymer having the following formula: 



r .r 1 
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cs 

I 

01 



where the asterisked tetrasubstituted nitrogen atom Is positively charged (a quaternary nitrogen), and hence 
cationic. The nitrogen atom Is In a 4-membered ring (I.e. a 3-hydroxyaxetldlnium group). Other uncharged poly- 
mer units also oo-exist along polymer chains of this type of resin. Even though a few negatively charged (i.e. 
anionic) groups may also be present on the polymer, the net charge along the polymer chain Is positive. X~ la 
a simple anion which is not covalently bonded to the polymer chain. Generally the anion is a chloride ion, and 
n is an Integer of from 5 to several thousand. 

The examples set forth below involve the treatment of a class of polymers comprising both a polymeric 
backbone and Ionic 3-hydroxy azetidinium chloride groups. 

The polymeric reaction product (I.e. the nitrogen containing cationic polymer) Is generally present In the 
aqueous composition being treated at a level of at least about 1 weight percent, preferably at a level of at least 
about 5 weight percent and still more preferably at a level of at least about 10 weight percent, based on the 
total weight of the aqueous composition. 

In the composition of the present Invention, the nitrogen-containing cationic polymer is preferably present 
in an amount of from about 1 to 50 weight percent, preferably at a level of from about 5 to 35 weight percent, 
and most preferably at a level of from about 10 to 25 weight percent, based on the total weight of the compo- 
sition. 

The composition of the present invention may be used, by Itself, as a paper wet strengthening formulation. 
The composition may also be used in conjunction with additional polymers, which are preferably mixed into 
the composition, for subsequent use as a paper wet strengthening agent 

Nitrogen-free organohalogen compounds which may be treated according to the invention comprise un- 
reached reacts nts as well as reaction byproducts of the processes for making the above-described polyaml- 
noamlde-eplchlorahydrin polymers. These nitrogen-free organohalogen compounds Include, for example, dl- 
hatoalkanol8 having the formula: 

X-CHzCHfOHHCHjJn-X, 

and haloalkanediols having the formula 

HO-CH 2 CH(OH) (CHa) n - X , 
where n Is generally an Integer of from 1 to 4 (Inclusive), particularly where n Is 1, and X Is a halogen atom 
such as chlorine, bromine, or Iodine, particularly where X Is chlorine. Generally me nitrogen-free organohalogen 
compounds are monohaloalkanediols and dihaloeikanols. Examples of dlhatoaikanols include 1,3-dtehlon>2- 
propanol and 1 ,4^lcrdon>2-butanol. Examples of haloalkanediols Include 1-chloro-2,3-propanadtol and 1- 
ch!oro-3,4- propanediol. Other contaminants that can be dehalogenated In accordance with the present Inven- 
tion will be reedfly apparent to the skilled artisan. 
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In the production of typical commercial synthetic water-soluble epichlorahydrin resins, such as a potyami- 
noamlde-epichlorohydrin wet-strength resin, there is generally present at least one member selected from the 
group consisting of a nitrogen-free, non-polymeric, halogen-containing alcohol, and a nitrogen-free haloalky- 
lene oxide. The undesired organohalogen byproduct which is produced is generally at least one member se- 
5 tected from the group consisting of a nitrogen-free, nonpolymeric, halogen-containing alcohol, and a nitrogen- 
free haloalkylene oxide. Polymeric reaction products often comprise 1>dichloro-2-propanot. and 1-chloro-2,3- 
propanediol, both of which are byproducts from the reaction of eplchlorohydrin with a pofyaminoamide resin. 

Before dehalogenation, the amount of nitrogen-free organohalogen contaminants in aqueous solutions 
generally is generally from about 0.1 to 25 weight percent, based on the weight of the aqueous composition. 
10 Preferably the nitrogenfrea organohalogen compounds are present in an amount of from about 0.2 to 1 2 weight 
percent still more preferably from about 0.3 to 8 weight percent 

In accordance with the present invention, haloalkylene oxides are compounds of the formula: 



20 




CH 2 - CH 



(CH 2 ) n - X 



wherein X is a halogen atom such as chlorine, bromine, or iodine, and where n is an integer of from 1 to 4. 
Preferably X Is chlorine. Preferably n Is 1. Specific haloalkylene oxides frequently present In the reaction product 
25 mixture include 1 -chloro-2,3-epoxypropane (i.e. unreactad eplchlorohydrin), 1-bromo-2,3-epoxypropane, and 
1-chloro-3,4-epoxybutane. One of the most troublesome nitrogen-free haloalkylene oxide compounds is un- 
re acted eplchlorohydrin. 

In the production of the above-described nftrogencontaining cattonic polymers, nitrogen-free organohalo- 
gen compounds Include both remaining reactants (e.g. eplchlorohydrin) as well as unwanted byproducts, such 
30 as the haJogenatad alcohols described above. Since organohalogen compounds are considered to be pollu- 
tants, it is preferable that they are converted to an environmentally harmless form. 

The present invention involves the reaction of an enzyme with the nitrogen-free organohalogen compound, 
whereby the nitrogen-free organohalogen Is dehalogenated. Aa used herein, the term "enzyme" refers to any 
dehalogenase, I.e. eny enzyme capable of dehalogenating a nitrogen-free organohalogen compound. Prefer- 
as » ably the enzyme Is a "blocatalyaf, I.e. an enzyme obtained from a living cell, which Is thereafter used for the 
dehalogenation of nitrogen-free organohalogen compounds. 

The biocatafyst may be provided In the form of either living cells or as an immobilized, unrefined cell-free 
extract or refined dehalogenase. The term "blodehalogenation" refers to the dehalogenation of a nitrogen-free 
organohalogen compound using a btocatalyat 
40 As the microorganism capable of biodehalogenation of the nitrogen-free organohalogen-containing com- 
pound In accordance with the present Invention, there la contemplated any microorganism that Is capable of 
achieving a high degree of dehalogenation of the nitrogen free organohalogen compounds described above, 
In the presence of the nllrogen-contalnlng catlonlc polymer, while leaving the nitrogen-containing catlonlc poly- 
mer Intact. The concentration of the microorganism In the composition of the present Invention Is preferably at 
46 least 5 x 10 7 cells per mDiniter, more preferably at least 1 0* cells per milliliter, and most preferably at least 10* 
cells per miilfliter. Preferably, the microorganism (or mixture of microorganisms) Is of a type which dehalogen- 
ates the nitrogen-free organohalogen compounds even when the microorganism Is present In an amount of 
less than one percent by weight vis a vis the remainder of the aqueous product that Is, less than one percent 
based on the weight of the aqueous solution of a polyamlnoamlde-eplchlorohydrln wet strength resin, 
so Such microorganisms are obtainable by batch enrichment culture. Inoculation of enrichment Isolation me- 
dia with soil samples taken from organohalogen-conramlnated sol results In mixed microbial communities, 
which can be sub-cultured, In a plurality of subculturlng steps (preferably 2 to 5 subculturlng steps), using In- 
creasing concentrations of the particular organohalogen-containing compound for which selection Is sought 
Dehalogenating the nitrogen-free organohalogen compounds In a continuous process Is preferably carried 
55 out using the nitrogen-free organohalogen compound as the growth-limiting nutrient The temperature and pH 
ere preferably controlled in order to maximize the effectiveness of microorganisms. A temperature of about 30°C 
and a pH of about 5.8 have been found to be preferred conditions for continuous dehalogenation. It is also pre- 
ferred to agitate the culture vessel, preferably with an agitation rate of about 350 rpm. 

6 
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During a process In which a continuous culture of microorganisms dehalogenates nitrogen-free organoha- 
logen compounds, the pH b preferably lowered as processing continues, because the hydroxy! ion is abstracted 
from water and the hydrogen ion concentration In water is simultaneously Increased. Thus, during the process 
the pH Is lowered from, for example, about 6.5 to about 2.8. During this time it Is also preferable to Increase 

5 the flow rate of the aqueous composition being fed Into the culture medium, to decrease the residence time of 
the product stream In the reactor. Thus, during the process the flow rate may, for example, be increased from 
a rate of about 0.1 liter per hour, to a rate of 0.18 Iters per hour. 

A preferable community is one that releases 100% of the organochlorine from 1 ,3-d ichloro-2-propanol into 
the medium as Inorganic chlorine in batch cultures containing 26 grams per liter of 1,3-dichloro-2-propano). 

10 more preferably 0.950 grams per titer of 1.3-dichloro-2-propanol, most preferably 0.0000625 grams per IRer of 
1,3-dichlofo-2-propanoi. Another preferable community Is one that releases 26 grams per liter of 1-chlon>2,3- 
propanediol Into the medium as Inorganic chlorine, more preferably 0.950 grams per liter of 1-chloro-2,3- 
propanedlol, most preferably 0.005 grams per liter of 1-chioro-2,3-propanediol. 

In the dehatogenation of 1.3-dichloro-2-propanol and 1-chtoro-2,3- propanediol in accordance with the 

15 present invention, that is, converting covalenUy bonded chlorine to chloride ion, the microorganism preferably 
dehalogenates the nitrogen-free organohalogen-contalnlng compound until the aqueous mixture (wet basis, 
12.5% solid 8 based on non-volatile matter) has less than about 26,000 parts per million 1-chloro-2.3- 
propanedioi and 26,000 parte per million 1 ,3-dfchloro-2-propanol. Baaed on the dry weight of synthetic water- 
soluble epichlorohydrin-polyarninoarnide resin, dehalogenation proceeds to less than about 208,000 parts per 

20 million 1-chloro-2,3-propanediol and 208,000 parte per million 1,3-dich!on>2-propanol. More preferably, the 
amount of the nitrogen-free, non-polymeric,ha)ogerHContaining alcohols (e.g. 1-chloro-2,3-propanediol and 
1,3-dichloro-2-propanol) is reduced to less than about 950 parts per million on a wet basis (7,600 parts per 
mfflion dry basis). SUN more preferably, the amount of the nitrogen-free, non-polymeric halogen containing al- 

1 .. r t oohola Is reduced to about 6 parts per million on a wet basis (40 parts per million dry basis). The microorganisma 

25 ' ; capable of achieving these degrees of dehalogenation of the nitrogen-free organohalogen compounds are con- 
' si dared to bo preferred microorganisms In the practice of the present invention. 

Exemplary microorganisma include (1) Coryneform organism 1 (NCI MB 40271), (2) Agrobacterlum blovar 
I (NCiMB 40272). (3) Paeudomonas cepacia (NCIMB 40273), (4) Arthrobacter sp (NCIMB 40274), (5) Agro- 
bacterium blovar III. and (6) Coryneform organism 2 (NCIMB 40383). Enzymes (dehaJogenases) obtained from 

30 these microorganisms as well as cell-free extracts therefrom are also useful In accordance with the present 
invention, as ft Is the enzymes (i.e. dehaJogenases) which are the active ingredients within the microorganisms. 

NCIMB 1 40313 represents the most preferred blocatatyst for usa In the method of the present invention. 
NCIMB 40313 represents a two-component mixture of Agrobacteriurn tumefacfens and Arthrobacter histidino- 
lovorens. Although the precise Identity of the enzymes which make the method operable has not been made. 

as a Is believed that the enzymes which effectuate the method belong to the dass of enzymes termed "hydrogen 
haJIde lyase type dehalogenase". 

The method of blodahaloge nation In accord with the present Invention Is carried out by contacting a mi- 
croorganism or cell-free erizyma-contalnlng extract with the aqueous composition containing the unwanted or- 
ganohalogen contaminants. Such contact Is typically achieved by forming a slurry of the microorganism or cell- 

40 free extract In the aqueous composition, with sufficient stirring. 

Alternatively, the microorganism or cell-free extract can be attached In film form on a suitable support ma- 
terial according to well known techniques, and then the aqueous mixture poured over the film. If a microorgan- 
ism Is present, nutrients, such as oxygen, nitrogen, and phosphorus, can be added to the aqueous composition. 
In sufficient quantities to maintain or promote the blodehalo-genatfon process. In the case of the cell-free ex- 

45 tract, the extract may also be held or entrapped within a suitable support, which must be capable of permitting 
the transport of the organohalogen contaminant 

The temperature range for performing the method of the present Invention la preferably from about 10°C 
to about 50°C. more preferably from about 15°C to about 40°C, and moat preferably from about 25°C to about 
36-C. 

50 The method of the present Invention Is preferably performed at a pH of from about 3 to about 1 0. The pH 
can be maintained by the use of suitable pH buffers. When using cell-tree extracts containing a dehalogenase, 
the pH Is most preferably from about 7 to about 8. When using one or more microorganisms In accord with the 
present invention, the pH is more preferably from about 4 to about 8, and most preferably the pH is from about 

1 NCIMB stands for "National Collection of Industrial and Marine Bacteria". NCIMB is an organization in the 
United kingdom responsible for documenting and retaining samples of bacteria submitted for patent application 
purposes. In patent matters, NCIMB will supply to interested parties who so request, authentic samples of 
bacteria claimed in patent literature. 
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5 to about 8. Dehalog ©nation proceeds at neutral or near neutral pH, with both the upper (alkali) limit and tower 
(acid) limits determined by the blocatalyst or the product. 

The viscosity of the aqueous mixture can have an effect on the physical handling characteristics In the meth- 
od of the present invention. Accordingly, a preferred practical upper viscosity limit Is about 1000 mPa.s. Pre- 
5 ferably the viscosity is less than about 250 mPa.s, and most preferably the viscosity is less than about 100 
mPa.9. The lower viscosity limit is determined by the type and molecular weight of the product in the aqueous 
composition. 

If desired, the microorganism or enzyme can be neutralized (i.e. killed) once a treated product is produced. 
Neutralization of the microorganism can be per f ormed by reducing the pH of the aqueous mixture to 2.8, then 
10 adding a proprietary blockJal agent (e.g. Proxell® BD biocidaJ agent, which comprises potassium sorbate and 
1,2-benzisothiazolin-3-one) in sufficient quantity, normally 0.02% and 0.04% respectively, based on the weight 
of the aqueous composition. 

The microorganism can be removed from the aqueous composition after dehaJoge nation. The removal may 
be performed by one or more of the steps of filtration, centrifugation. sedimentation, or any other known tech- 
is niques for removing microbes from a mixture. The microorganisms mineralize the nitrogen free organohalogen 
compounds so producing CO* water, and blomass, with no glycerol left In the resin. Where the biocatalyst is 
an immobilized dehalogenase, the product of the reaction is glyckJol. 

A problem associated with the removal of the microbes from the mixture Is that intensive methods of sep- 
aration such as mtero filtration remove not only microbes but also particles of cationlc polymer, with the result 
20 that the wet strength properties are reduced, which is undesirable. Therefore It Is preferable to leave the de- 
activated microorganism in the mature to avoid the problem of reducing wet strength propertied. 

In general, the enzyme may be added to the composition in an amount of from about 2.5 x 10-* to 1 x 
10-4 weight percent, based on the weight of the composition. However, the enzyme is preferably added to the 
composition in an amount of from about 2.5 x 10* to 0.75 x 1 0r 1 weight percent, most preferably in an amount 
25 of from about 4 x 10* to 6 x 10* weight percent, based on the weight of the composition. 

The method of the present invention may be a continuous method, a batch method, or a semi-continuous 
method. 

The continuous method involves continuously feeding. a stream of an aqueous composition to a reactor, 
and continuously contacting the stream of the aqueous composition with the biocatalyst whereby a treated prod- 

30 uct Is formed, followed by continuously removing the treated product from the reactor. The contact between 
the aqueous biocatalyst and the nitrogen-free organohalogen compounds results in the dehalog enation and 
mineralization of the organohalogen compounds. 

During the continuous method, the nitrogen-containing cationlc polymer preferably has a residence time 
in the reactor of from about 8.5 hours to about 15 hours. A preferred steady-state concentration of the nitrogen- 

35 tree organohalogen compound In the reactor b from about 0.1 part per million to about 500 parts per million, 
based on the weight of the treated product 

The batchwtee method Involves adding a batch of the aqueous composition to the reftntor, fallowed by con- 
tacting the aqueous composition with the enzyme, followed by removing a batch of treated product from the 
reactor. During the batchwlse method, the Initial concentration of the nltrogenfree organohalogen compound 

40 Is preferably less than about 2.6 weight percent The final concentration of the nitrogen-free organohalogen 
compound Is preferably from about 0.1 to 500 parts per million, on a weight basis. The enzyme Is preferably 
present In the form of a microorganism, which Is preferably present In the reactor at a level of at least 5 x 10 7 
cells per milliliter. Although the batch method can (n general be carried out by placing the microorganism In 
contact with the nitrogen-free organohalogen compound for a period of from about 2 hours to about 56 hours, 

45 preferably the batch method le carried out by placing the microorganism In contact with the nitrogen-free or- 
ganohalogen compound for a period of from about 17 hours to about 22 hours. 

The semi-continuous method can be carried out by continuously feeding a stream of an aqueous compo- 
sition to a reactor during a period of continuous operation, and continuously contacting the stream of the aqu- 
eous composition with the enzyme, and continuously removing the treated product from the reactor, and per- 

so todically discontinuing the steps of: I. feeding the stream of the aqueous composition into the reactor, and 0. 
removing the treated product from the reactor.whereln the periodic discontinuance of both of these steps is fol- 
lowed by a period of continuous operation of both steps. 

In an alternative semi-continuous method, upon termination of the period of continuous operation, there is 
a partial drain down of the reactor, following which the feed stream Is continued at the same or a reduced rata 

55 as during the period of continuous operation, but the removal of treated product does not occur until the end 
of the discontinuous period, generally from about 2 to 56 hours, preferably from about 8 hours (overnight) to 
56 hours (i.e. over a weekend). The continuation of the feed stream prevents a subsequent failure of the reactor 
when the flow is restarted. 
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The semi-continuous method permits a paper manufacturing facility to operate the continuous method dur- 
ing dally production operations, whDe permitting a batch treatment of the aqueous composition to be discon- 
tinued during periods in which continuous paper productivity is temporarily suspended, e.g. overnight periods 
during which the operation of the papermaklng facilities are temporarily halted. During the suspension of the 

s continuous input of the aqueous composition stream into the reactor (along with suspension of the continuous 
removal step), a batch treatment may be performed on the composition which is in the reactor during the period 
of suspension of the continuous input and removal I n addition to the processes described above, the present 
invention pertains to compositions and a paper wet strengthening formulation produced according to the in- 
vention. The composition comprises a nitrogen-containing catlonic polymer, a nitrogen-free organohalogen 

10 compound, and an enzyme capable of dehaJogenating the nitrogen-free organohalogen compound, while leav- 
ing the polymer substantially intact. The composition preferably comprises one of the preferred resins described 
above, and preferably the enzyme Is present in the form of a bio catalyst (most preferably, In the form of a mi- 
croorganism) present In the concentrations described above. 

The paper wet strengthening formulation of the present invention comprises water, a nitrogen-containing 

15 catfonic polymer, and a nitrogen-free organohalogen compound. Preferably, the total amount of nitrogen-free 
organohalogen compounds present In the formulation comprise from about 0.1 to 10 parts per minion, based 
on the weight of the composition. However, the nitrogen-free organohalogen compound Is more preferably pres- 
ent in an amount of from about 0.1 to 5 parts per million, most preferably from about 0.1 to 2 parts per million. 
The paper wet strengthening formulation may further comprise an enzyme, in the event that the enzyme is not 

20 removed from the formulation after the dehatogenation reaction. Preferably, the paper wet strengthening for- 
mulation comprises the preferred polymers described above, in the preferred amounts described above. 

The paper product of the present invention comprises a nitrogen-containing cation ic polymer, and a residue 
of a microorganism. The residue of the microorganism is present in an amount up to about 100 grama, and 
. more specifically from about 2.5 grams to 100 grams, per ton of dry paper product Preferably the paper product 

25 ' comprises a nitrogen-free organohalogen compound in an amount of less than about 0.1 parts per million, on 
' a dry weight basis. The paper product preferably comprises at least one of the preferred polymers described 
above. The polymer Is preferably present in the paper product in an amount of from about 0.1 to 5 weight per- 
cent, based on the weight of the dry paper product 

The invention is illustrated by the following Examples, which are provided for the purpose of representation, ■ 

so and are not to be construed as limiting the scope of the invention. Unless stated otherwise, all percentages, 
parts, etc. are by weight 

EXAMPLE 1 

35 A poryaminoamlde-eplcrrforohydrln resin Is prepared as follows. A stirred mixture of 200 parts by weight 
dlethytanetriamtne and 290 parts by weight adlplc acid is heated to 170°C to 1 75°C for 190 minutes with evo- 
lution of water. The mixture Is then cooled to 140°C and diluted to 50% by weight solids, using 400 parts by 
weight water. The resulting amino poJyamlda has a reduced specific viscosity (RSV) of 0 .14 (defined as t\ ap/C 
in 1 molar aqueous ammonium chloride at 25°C at C = 2g/100ml). About 200 parts by weight of the 50% by 

40 weight solids polyamlde solution Is diluted with 400 parts by weight water, heated to 40°C and treated with 54 ; 
parts by weight eplchiorohydrin. The reaction mixture is then heated to 63°C and maintained at this temperature 
until a viscosity of "K" is reached on the Gardner-Holdt scale. The resulting resin is then diluted with 460 parts 
by weight water and the pH adjusted to about 4.6 by the addition of concentrated sulfuric acid, In order to pro- 
duce a stabilized resin solution containing about 12.7% by weight solids content Based on 100 grams of this 

45 12.7% by weight solids-content resin solution, the 1,3-d!chloro-2-propanol content is about 8.5 mDllmole (1.1%) 
by weight, and the 1-cfrioro-2 > 3-propanediol content Is about 4.0 milllmoie (0.4%) by weight 

EXAMPtE 2 

so In this example, mixed microbial communities are utilized for the mineralization of 1 ,3-dlchf oro-2-propanol 
(DCP). The mixed microbial communities comprise a number of different species of bacteria. The mixed com- 
munities have the ability to utilize DCP as a ade source of carbon energy. The mixed communities are Isolated 
by batch-enriching a culture from contaminated soB. The enrichment isolation medium contains an appropriate 
balance of mineral salts and DCP (0.675 grams per liter, 0.523 matimole percent, based on the weight of aqu- 

55 ecus solution). The pH Is adjusted to 6.5. 

This medium is Inoculated with aoS or sediment samples taken from the Industrial sites exposed to DCP 
spillage. These enrichment cultures yield a number of mixed microbial communities. The cultures are subcul- 
tured several times (up to five times) In the same medium, while increasing successively the concentration of 
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DCP, unto the most effective microbial communities ere obtained. Effectiveness is defined as the ability of the 
microbial communities to release 100% of the chloride In DCP into the medium as Inorganic chloride In batch 
cultures containing 0.950 grams per liter DCP (0.736 millimote percent). 

An effective microbial community, designated H10, is established in a continuous culture of the chemostat 
s type, wherein DCP (0.950 grams per liter, 0.738 mfllimole percent) is the growth-limiting nutrient The working 
volume of this culture is 1 liter. The temperature and pH are controlled automatically at 30°C and 6.5, respec- 
tively. The rate of agitation is 350 rpm, and the medium flow rate to the culture vessel Is 0.1 liter per hour. As 
a result, the dilution rate of the culture is 0.10 per hour. Over a period of 640 hours of continuous processing, 
the pH is lowered progressively to a final value of 3.8. whQe the flow rate of the medium is increased to 0.18 
10 titers per hour, resulting in a dilution rate of 0.18 titers per hour, and a hydraulic residence time of 5.5 hours. 

Under the latter conditions, over 95% of the DCP entering the culture vessel is completely degraded at a 
rate of 150 milligrams per liter per hour. The route of DCP degradation proceeds via chloropropanedtol, epk 
chlorohydrin, and gtyckJol, to ultimately result in the production of glycerol. The glycerol is thereafter assimilated 
by the bacteria. 

13 At concentrations of DCP greater than 0.950 grams per liter (i.e. greater than 0.736 mfllimole percent), bac- 
teria of the H1 0 community are able to release chloride from DCP even though bacterial growth is considerably 
curtailed as a result of DCP toxicity. Thus, concentrations of DCP up to 26 grams per liter (20.16 millimole per- 
cent) can be dehatogenated by these bacteria, demonstrating that considerable shock loading with DCP can 
be tolerated. 

20 The H10 mixed bacterial community comprises at least four different types of bacteria, each of which is 
capable of dehalogenating DCP, while using DCP as a sole source of carbon and energy growth. These bacteria 
are identified and designated as: bacterial isolate NCIMB 40271 (Coryneform organism 1 ), NCI MB 40272 (Agro- 
bacterium biovar 1), NCIMB 40383 (H1 Of or Coryneform organism 2) and NCIMB 40273 (Pseudomonas cepa- 
cia). ' . ... 

« 

EXAMPLES 

In this example, mineralization of 1 ,3-dich]on>2-propanol (DCP) by axenlc bacterial cultures Is demonstrat- 
ed. 

so The four-component bacteria of community H10 are shown to effect the complete mineralization of DCP 
to glycerol when grown on their own, that Is as axenic cultures. 

Agrobacterium biovar 1 (NCIMB 40272) is grown in a chemostat-type continuous culture of working volume 
1 liter under the following conditions: pH 5.9, temperature 30°C, agitation rate 350 rpm. Pseudomonas cepacia 
(NCIMB 40273) la grown in a chemostat-type continuous culture of working volume 1 liter under the following 

35 conditions: pH 4.8, temperature 30°C, dilution rata 0.1 /hour, aeration rate 1 liter per minute, DCP concentration 
2.5 grams per liter (1 9.38 millimole percent). Under the above-mentioned conditions the rates of DCP miner- 
alization are. 120 milligrams per liter per hour (Agrobacterium biovar 1) and 245 milligrams per liter per hour 
(Pseudomonas cepacia). 98 Percent and 90% mineralization of DCP Is achieved, respectively. 

40 EXAMPLE 4 

In this example, microbial dehatogenases are used to dehalogenate 1,3-dlchloro-2-propanol (DCP). 
Bacterial Isolates Coryneform organism 1 (NCIMB 40271), Agrobacterium biovar 1 (NCIMB 40272), Cor- 
yneform organism 2 (NCIMB 40383) (H10f) and Pseudomonas cepacia (NCIMB 40273) are grown on DCP In 

49 either batch cultures to the late exponential phase or continuous cultures and harvested by contrtfugatton. Each 
bacterial pellet Is resuapended Individually In phosphate buffer (50 mOlmoles, pH 7) to 1% of the original culture 
volume. The buffered suspension is treated In a French pressure ceil (3 passages at 1.38 x 10 s Pa), and the 
soluble proteins which are extracted are recovered after removal of Insoluble cell debris by centrtfugation 
(48,000 x g, 30 mln, 4°C). The supernatant fraction bo obtained Is designated the cell-free extract (cfe). 

50 The dehalogenase activities present In the cfe are assayed In trts-sutphate buffer (10 milltmoles. pH 8) con- 
taining 1.35 grams per liter (1.023 millimole percent) DCP. The activities are expressed as rates of DCP de- 
halogenaUon per milligram protein in the cell free extract The cell free extracts prepared from each of the four 
bacteria contained enzyme activities which dehalogenate both DCP and CPD. Specific rates of DCP dehalo- 
genation ere similar in extracts of the four bacteria at 0.25 to 0.40 milligrams DCP per milligram protein per 

55 hour. The rates of dehalogenation of CPD are 7-fbW to 1 0-fold lower. The dehaJogenasea of the tour bacteria 
ere not dependent on co-factors such as glutathione or NAD(P), or on metabolic processes for their catalytic 
activities. The dehatogenases extracted from the bacteria each contain a number (from 1 to 3) of different en- 
zymic forms, es revealed by activity stain poryacrytamide gel electrophoresis. 
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EXAMPLE 5 



In this example, a process for blocatalytic dehaiogenation of 1,3-dichloro-2-propanol in a paper wet 
strength resin Is demonstrated. 

5 A 50 ml sample of a polyamide wet strength resin made according to Example A of U.S. Patent 4,240,935 

containing 12.5% w/w active solids (thst were dissolved or dispersed polymer) Is analyzed and found to contain 
a chloride Ion concentration of 0.98 percent w/w and In addition to polymer, 1.17 percent w/w (9.07 mDlimole 
percent) 1>dich!oro-2-propanol (DCP), and 0.44 percent w/w (3.95 millimole percent) 1-chloro-2.3- 
propanediol (CPD). All concentrations are based on the total weight of the aqueous solution. It is diluted to 100 

10 milliliters with aqueous buffer and 15 mflliliters of an axenfc culture of Agrobacterium biovar 1 (NCI MB 40272), 
the culture then being resuapendad and diluted to 1 percent of the original culture volume with phosphate buffer 
(pH 7.0, 50 mM). The resulting suspension Is then Incubated at pH 6.8 and ambient temperature for 6 and 16 
hours, and the cells are then removed by centrifugauon. The treated wet strength resin Is then stabilized by 
the addition of concentrated sulfuric acid to pH 5.5. The resulting wet strength resin solution Is then analyzed 

15 and found to contain no DCP (detection limit 0.01 millimole percent), 1.22 percent (10.94 millimole percent) 
CPD and a chloride Ion concentration of 1.42 percent after correcting the figures to original 12.5 percent w/w 
active solids concentration. 

A control experiment in which the NCIMB 40272 suspension of cells is absent, being replaced by 15 ml of 
phosphate buffer, yields no significant change In DCP. CPD or chloride ion concentrations after correcting the 

20 figures for the dilution. 

The treated and untreated samples of wet strength resin are used to prepare paper handsheets at an ad- 
dition level of 0.5 percent based on resin active solids and dry paper fiber. The wet tensile figures given for the 
dried paper sheets are found to be 0.76 kN/M for the treated resin and 0.78 kN/M for the untreated resin. 

26 EXAMPLE 6 . v 

In this example, mineralization of 1 .3-dicfrioro-2-propano! by immobilized bacterial cultures Is demonstrat- 
ed. 

A culture of Agrobacterium biovar 1 (NCIMB 40272) is inoculated into s 2 liter bubble-column bioreactor 
30 which contains a polyether foam solid support matrix (available from sa Gechem-Rectlcel, Brussels, Belgium, 
under the name Rebcei™ TR20). The bioreactor is supplied with a minimal salts medium, supplemented with 
CPD at 0.5 millimole percent concentration. Once a visible bioflm te established, the medium Is changed to 
one containing DCP with a continuous feed providing a dilution rate of 0.2 per hour. After ten days, the volu- 
metric degradation rate is determined to be 610 milligrams per liter per hour, with greater than 05% conversion 
35 of the DCP. This compares with a volumetric rate of 260 milligrams per liter per hour, when Agrobacterium biovar 
1 is growing as a suspended culture In a chemostat 

EXAMPLE 7 

40 In this example, mineralization of 1,3-d!ch!on>2- props nol and 1-chloro-2,3-propanedlo1 la demonstrated 
In a wet strength resin by mbced bacterial cultures In a continuous stirred tank reactor (CSTR). 

A polyamlnoamlde is prepared from a stirred mixture of 200 parts dtethyienetrtamlne and 290 parts adiplc 
add, which is heated to 170-175°C for 190 minutes with evolution of water, cooled to 140°C and then diluted 
to 50% solids with 400 parts water. The resulting polyamlnoamlde has a reduced specific viscosity (RSV) of 

45 0.16 (defined as i\ sp/C In 1 molar aqueous ammonium chloride at 25 °C at C = 2g/100ml). A 50% aqueous 
solution of the potyamlnoamide (about 300 parts dry basis) is reacted with an equrmolar ratio of eplchlorohydrin 
(about 104.3 parts) for about 120 minutes at 40-45°C. H2SO4 (98% w/w) Is then added at a mole ratio of 
HjSfVpolyamlnoamide of about 0.054 together with dilution water (904.3 parts) and the resulting mixture is 
heated to 60 °C untl a Gardner Hoidt viscosity of D to E ere reached to produce a wet strength resin. 

so A continuous stirred tank reactor with a working volume of 2.47 liters Is Inoculated with a mbced culture 
consisting of a Arthrobacter hlstldinolovorana and Agrobacterium tumefaclens (NCIMB 40313). The reactor Is 
continuously supplied with 1 1 .75% w/v active solids solution of the wet strength resin to which urea (0.33 grams 
per liter) and KH 2 P0 4 (0.1 grams per liter) are added as a nutrient The level of 1,3-dichtoro-2-propanol in the 
resin is 0.62 millimoie percent, and the level of 1-chloro-2>propanediol is 0.36 millimole percent, based on 

55 the weight of aqueous solution containing 1 1 .75% w/v wet strength resin. The feed rate is such as to establish 
a reactor residence time of 6.8 hours. The reactor is maintained at a pH of 5.6 at 30°C with air supplied at 1 
liter per minute. 

Analysis of the reactor effluent for 1,3-dichloro-2-propanol and 1-chton>2.3-propanediol shows that the 
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btocatalyst removes the 1,3-dichioro-2-prapand to a final concentration of 0.0244 mflTimole percent and the 1- 
ch!on>2,3-propanedlol to a level below the detection level of the gas chromatographic method used, which to 

0. 0047 millimole percent based on the weight of the aqueous solution of the commercial wet strength resin. 

5 EXAMPLE 8 

This example demonstrates the dehalogenatlon of 1 ,3-o1chlofo-2-propanol (OCP) by Immobilized microbial 
dehalogenases. 

Agrobacterium Biovar 1 (H1 Oe. NCI MB 40272) is grown on DCP in batch culture, to late exponential phase. 
10 The culture is harvested by centrifugation and the bacterial pellet Is resuspended In phosphate buffer (60 mfl- 
limoies, pH7) to 1% of the original culture volume. The buffered suspension is treated in a French pressure 
cell (3 passages at 1.38 x 10* Pa) and the nondlsrupted celts and insoluble cell debris are removed by centri- 
fugation (48.000 g, 30 mln, 4°C). The resultant supernatant fraction so obtained is designated the cell free ex- 
tract (cfe). 

13 The activity of the dehalogenases present In the cfe is assayed in Tris-suiphate buffer (10 mOlimoles, pH 
8) containing 1.35 grams per liter DCP. The dehalogenatlon activity so observed to defined as the reference 
activity (100%) for the further studies (specific rate of DCP dehalogenatlon is 0.25 to 0.4 DCP per milligram 
protein per hour.) 

The activity of the dehalogenases In the presence of a potyamlde wet strength resin made according to 
20 the teachings of example A of U.S. Patent No. 4,240,935 (hereby incorporated In its entirety, by reference there- 
to), containing 12.5% wfw active solids is considered. The effect of the presence of the resin on the dehaioge- 
nase activities is determined in the presence of 0 to 50% v/v resin. The results show an 83% inhibition of enzyme 
activity when in the presence of greater than 20% v/v resin, immobilization of the dehalogenases present in 
the cfe onto oxyrane acrylic beads results In the protection of the dehalogenase activities from the inhibitory 
25 effect of the resin, such that in the presence of 88% v/v resin, more than 60% of the enzymes' activity remains. 
' ' Finally, although the invention has, as has been noted above, been described with reference to particular 
means, materials, and embodiments, it should be noted that they are not intended to be limiting, and that many 
variations and modifications are possible without departing from the scope of the invention. 

30 

Claims 

1. A method for treating an aqueous composition comprising a nitrogen-free organohalogan compound and 
a nitrogen-containing cation ic polymer, to reduce the level of the nitrogen-free organohalogen compound, 

"55 comprising the steps of: A. adding an enzyme to the aqueous composition, the enzyme being capable of 

dehalogenatlng the nitrogen-free organohalogen compound whQe leaving the nitrogen-containing catlonic 
polymer substantially Intact; and B. dehalogenatlng the nitrogen-free organohalog an compound, to pro- 
vide a nitrogen-containing catlonic polymer In usable form having a reduced level of the nitrogen-free or- 
ganohalogen compound. 

40 

2. The method es defined in claim 1, wherein the nitrogen- containing catlonic polymer comprises at least • 
one member selected from polyaminoamide-epichlorohydrin resin, epoxidized potyamkie resin, and epi- 
chlorohydrin resin and the enzyme Is added in the form of a microorganism In an amount of at least 5 x 
10 7 cells per milliitre. 

45 

3. The method as defined In claim 2. wherein the microorganism comprises at least one member selected 
from a Coryneform organism 1, an Agrobacterium biovar I, a Pseudomonas cepacia, an Arthrobacter sp, 
an Agrobacterium biovar III, a Coryneform organism 2, an Arthrobacter histidlnolovorans. and an Agro- 
bacterium tumefaciens. 

50 4. The method as defined in claim 2, wherein the microorganism comprises at least one member selected 
from NCIMB 40271. NCIMB 40272, NCI MB 40273, NCIMB 40274, NCI MB 40313. and NCI MB 40383. 

5. The method as defined in claim 3, wherein the nitrogen- free organohalogen compound comprises at least 
one member selected from a nitrogen-free, non-polymeric, halogen-containing alcohol, and a nitrogen- 

55 free haloalkylene oxide. 

6. The method as defined In claim 5, wherein the nitrogen-free nonpolymerlc, halogen-containing alcohol 
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comprises at least one member selected from dihaloalkanols of the formula: 

X-CH2CH(OHKCHj) n -X, 
a nd haJoalkaned tola having the formula 

HaCH2CH(OH)(CHj) n -X, 
where n b an Integer of from 1 to 4, and X Is a halogen and wherein the amount of the nitrogen-free non- 
polymeric, halogen-containing alcohol Is reduced to less than 950 parts per million, on a wet basis. 

7. The method as defined In daim 6, wherein the dihaloaJkanol comprises at least one member selected from 
1 ,3^ichioro-2-propanol and l,4-dteWoro-2-butanol, wherein the haloalkanediol comprises at least one 
member selected from 1 -chloro-3,4-propanedloi and 1-chloro-2. 3- propanediol, wherein the amount of the 
1 ,3-dlchloro-2-propanol Is reduced to less than 5 parts per million, on a wet basis and wherein the amount 
of the 1-chloro-2.3-propanedtal Is reduced to less than 5 parts per million, on a wet baste. 

8. The method for treating an aqueous composition as defined In claim 1 , wherein the aqueous composition 
comprises: A. the nitrogen-containing cationlc polymer In an amount of from about 1 to 50 weight percent, 
based on the weight of the aqueous composition, and B. the nitrogen-free organohaJogen compound in 
an amount of from about 0.1 to 25 weight percent, based on the weight of the aqueous composition; and 
the method further comprises adding the enzyme to the aqueous composition In an amount of from about 
2.5 x 10-° to 1 x 10r* weight percent, based on the weight of the composition. 

9. A method of enriching, Isolating and culturlng a dehalogenase-containlng microorganism, comprising the 
steps of: A. adding an environmental sample containing a mixed microbial population to a nitrogen- con- 
taining polymer and a nitrogen-free organohalogen compound; B. Incubating the mixed microbial popula- 
tion In the presence of the nitrogenoontalnlng polymer and the nitrogen-free organohalogen compound; 
C. Isolating a dehalogenase-containlng microorganism from the Incubated microbial population; and D. 
culturlng the population of the dehalogenase-containlng microorganism to a concentration of at least . 5 x 
10 T cells per mil Ultra. 

10. The method as defined in claim 9, wherein the dehalogenase-containlng microorganism comprises at least 
one member selected from a Coryneform organism 1 , an Agrobacterium biovar I, a Pseudomonas cepacia, 
an Arthrobacter sp, an Agrobacterfum biovar III, a Coryneform organism 2, an Arthrobacter histidinolovor- 
ans and an Agrobacterfum tumefaciens, and wherein the mixed microbial population is Incubated by per- 
forming from 2 to 5 subcuituring steps comprising adding increasing concentrations of the nitrogenfree 
organohalogen compound thereto. 

11. An aqueous composition In useable form, comprising: A. a nitrogen-containing cationlc polymer; B. a ni- 
trogen-free organohalogen compound; and C. an enzyme capable of dehalogenating the nftrogerv free or- 
ganohalogen compound, while leaving the polymer substantially intact 

12. The composition as defined In claim 11, wherein the nitrogen-containing cationlc polymer comprises at 
least one member selected from polyaminoamide^pichlorohydrin resin, epoxidlzed polyamide resin, and 
eplchlorohydrin resin wherein: A the nitrogen-containing cationic polymer is present in the composition 
In an amount of from about 1 to 50 weight percent based on the weight of the composition; B. the nitrogen- 
free organohalogen compound Is present in the composition in an amount of from about 0.1 part per million 
to 25 weight percent based on the weight of the composition, wherein the enzyme Is In the form of a mi- 
croorganism, the microorganism comprising at least one member selected from a Coryneform organism 
1 , an Agrobacterium biovar I, a Pseudomonas cepacia, an Arthrobacter sp, an Agro bacterium biovar III, 
a Coryneform organism 2, an Arthrobacter hlstldlnolovorans, end en Agrobacterfum tumefaciens, and 
wherein the nitrogen-free organohalogen compound comprises at least one member selected from a ni- 
trogen-free, non-polymeric, halogen-containing alcohol, and a nitrogen-free haloalkylene oxide. 

13. A paper product comprising: A. a nitrogen-containing cationlc polymer; B. a residue of a microorganism 
present In an amount up to about 1 00 grams of microorganism residue per ton of dry paper product where- 
in the microorganism contains an enzyme capable of dehalogenating a nitrogen-free organohalogen com- 
pound while leaving the polymer substantially Intact 

14. The paper product as defined In dalm 1 3, comprising less than 0.1 parts per million , on a dry weight basis, 
of a nitrogen-free organohalogen compound, wherein the nitrogen-containing cationic polymer comprises 
at least one member selected from poryaminoamide-epichlorohydrin resin, epoxidized polyamide resin 
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and epichlorohydrin resin, wherein the nitrogen-containing cationlc polymer is present in an amount of from 
about 0.1 to 5 weight percent, based on the dry weight of the paper product, wherein the residue of the 
microorganism is present In an amount of from about 2.5 to 100 grams per ton of dry paper product and 
wherein the residue of the microorganism comprises at least one member selected from a coryneform or- 
ganism 1. an Agrobacterlum blovar I, a Pseudomonas cepacia, an Arthrobacter ap. en Agro bacterium bio- 
var III, a Coryneform organism 2, an Arthrobacter hlstidinolovorans, and an Agrobacterium tumefaciens. 

15. A continuous method for treating an aqueous composition, comprising the steps of: A. continuously feeding 
a stream of an aqueous composition to a reactor, the aqueous composition comprising a nitrogen-free or- 
ganohalogen compound and a nitrogen-containing cationlc polymer, the reactor containing an enzyme ca- 
pable of dehaloganatlng the nitrogen free organo halogen compound white leaving the polymer substan- 
tially Intact B. continuously contacting the stream of the aqueous composition with the enzyme for a con- 
tact time so that at least a portion of the nitrogen-free organohalogen compound Is dehalogenated, where- 
by a treated product is produced; and C. continuously removing the treated product from the reactor. 

16. The method as defined in daim 15, wherein the nitrogen-containing cationlc polymer comprises at least 
one member selected from polyaminoamlde-epichlorohydrin resin, epoxidized pofyamlde resin, and epi- 
chlorohydrin resin, wherein the enzyme is present in the form of a microorganism comprising at least one 
member selected from a Coryneform organism 1, an Agrobacterlum blovar I, a Pseudomonas cepacia, 
an Arthrobacter sp, an Agrobacterium biovar III, a Coryneform organism 2, an Arthrobacter hlstidinolovor- 
ans, and an Agrobacterlum tumefaciens, wherein: A. the residence time of the nitrogen-containing cationic 
polymer in the reactor is from about 6.5 hours to 15 hours; B. the treated product has a concentration of 
nitrogBn-froe organohalogen compounds of from about 0.1 part per million to 600 parts per million, based 

. on the weight of the treated product; and C. the treated product comprises a concentration of nitrogen- 
containing cationlc polymer In an amount of from about ( 1 to 50 weight percent, based on the weight of the 
treated product; and wherein: D. the nitrogen-free organohalogen compound comprises at least one mem- 
ber selected from 1-chloro-2,3-epoxypropane, 1-bromo-2,3-epoxypropane, 1-cWoro-3,4-epoxybutane, 
1,3-dlcHoro-2-propanol ( 1-chloro-2 t 3-propanedlol, lAdlchloro^-butanol, and 1-chloro-3,4-propanedlol; 
end E. the concentration of the microorganism In the reactor Is at least about 5 x 10 7 celts per mBlllitre. 

17. A betchwise method for treating an aqueous composition, comprising the steps of. A. adding a batch of 
an aqueous composition comprising a nitrogen-free organohalogen compound and a nitrogen-containing 
cationic polymer, the reactor containing an enzyme capable of dehaloganatlng the nitrogen-free organo- 
halogen compound while leaving the nitrogen-containing polymer substantially intact; B. contacting the 
aqueous mixture with the enzyme for a contact time so that the biocatalyst dehalogenates the nitrogen- 
free organohalogen compound, so that a batch of treated product Is produced; and C. removing the batch 
of treated product from the reactor. 

18. The method as defined in daim 17, wherein the nitrogen-containing cationic polymer comprises at least 
one member selected from potyamlnoamide-epichlorohydrin resin, epoxidized pdyamkJe resin, and epl- 

' chlorohydrin resin, wherein the enzyme is present in the form of a microorganism comprising at least one 
member selected from a Coryneform organism 1, an Agrobacterium biovar I, a Pseudomonas cepacia, 
an Arthrobacter sp, an Agrobacterium biovar III, a Coryneform organism Z, an Arthrobacter histidlnotovor- 
ans, and an Agrobacterlum tumsfadens and wherein: A. the concentration of the nitrogen-containing ca- 
tionic polymer is from about 1 to 50 weight percent, based on the weight of the composition in the reactor; 
B. the Initial concentration of the nitrogen-free organohalogen compound is from about 0.005 to 2.6 weight 
percent, based on the weight of the composition in the reactor C. the microorganism is present at con- 
centration of at least 5 x 10 7 cells per miiilitre, based on the weight of the composition in the reactor, D. 
the microorganism Is placed In contact wfth the nitrogen-free orga nohaiogen compound for a period of from 
about 2 to 56 hours; and E. the final concentration of the nitrogen-free organohalogen compound is from 
about 0.1 to 500 parts per million, based on the weight of the composition in the reactor. 

19. A semi-continuous method for treating an aqueous composition, comprising the steps of A. continuously 
feeding a stream of an aqueous composition to a reactor, the aqueous composition comprising a nitrogen- 
free organohalogen compound and a nitrogen-containing cationic polymer, the reactor containing an en- 
zyme capable of dehalogenating the nitrogen-free organohalogen compound whHe leaving the polymer 
substantially intact; B. continuously contacting the stream of the aqueous composition with the enzyme 
for a contact time of from about 2 to 56 hours, whereby a treated product Is produced; C. partially draining 
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down the reactor; D. discontinuing the step of removing the treated product from the reactor, whBe con- 
tinuing the feeding of the aqueous composition to the reactor at the same or a reduced rate as during the 
period of continuous operation; E. resuming the step of removing the treated product from the reactor, after 
a period of discontinuous operation. 

20. A semi-continuous method for treating an aqueous composition, comprising the steps of: A. continuously 
feeding a stream of an aqueous composition to a reactor during a period of continuous operation, the aqu- 
eous composition comprising a nitrogen-free organohalogen compound and a nitrogen-containing cation fc 
polymer, the reactor containing an enzyme capable of dehalogenating the nitrogen-free organohalogen 
compound while leaving the polymer substantially intact; B. continuously contacting the stream of the aqu- 
eous composition with the enzyme for a contact time of from about 2 to 56 hours, whereby a treated product 
Is produced; C. continuously removing the treated product from the reactor, and D. periodically disconti- 
nuing both: 

(i) feeding the stream of the aqueous composition into the reactor, and 

(ii) removing the treated product from the reactor, and thereafter 

E. periodically resuming both the feeding of the stream of the aqueous composition to the reactor, as well 
as the removing of the treated product from the reactor. 

21. The method as defined bi claim 20, wherein the period discontinuance Is from about 2 hours to 56 hours, 
wherein the nitrogen-containing cationic polymer comprises at least one member selected from polyaml- 
noamkJe-epichfororrydrin resin, epoxidized polyamide resin, and epichlorohydrin resin, wherein the en- 
zyme is present in the form of e microorganism comprising at least one member selected from a Coryne- 
form organism 1, an Agrobacterium biovar I, a Psaudomonas cepacia, an Arthrobacter ep, an Agra bac- 
terium blovar III, a Coryneform organism 2, an Arthrobacter hlstldlnolovorans, and an Agrobacterium tu- 
mefaciens and wherein: A. during a period of continuous operation: . , , < . , . ' / 

(I) the nitrogen-containing cationic polymer Is present in the composition In an amount of from about 
0.1 to 50 weight percent, based on the weight of the composition; 

(II) the nitrogen-free organohalogen compound Is present In the composition In an amount of from about 
0.005 to 2.6 weight percent, based on the weight of the composition, the nitrogen-free organohalogen 
compound comprising at least one member selected from 1-chloro-2,3-epoxypropane, 1-bromo-2,3- 
epoxypropane, 1-cWoro-3,4-epoxybutane, 1,3-dlchloro-2-propanol f 1-chloro-2,3-propanedloJ, 1,4-dl- 
chloro-2-butanol, and 1-chloro-3,4-propanedlol; 

(III) the microorganism Is present In the reactor In an amount of at least about 5 x 10 7 cells per mill Ultra; 
B. during a period of discontinuance of the feeding of the aqueous composition to the reactor and discon- 
tinuance of the removing of the treated product from the reactor 

(I) the polymer Is present In the reactor In an amount of from about 1 to 50 weight percent, based on 
the weight of the composition In the reactor; 

(II) the nitrogen-free organohalogen compound Is present In the reactor In an Initial concentration of from 
about 0.005 to 2.6 weight percent, based on the weight of the composition In the reactor, 

(III) the microorganism Is present In the reactor In an amount of at least about 5 x 10 7 cells per mill Ultra; 
and 

(iv) the nitrogen-free organohalogen compound is present in the reactor in a final concentration of less 
than 5 parts per million, based on the weight of the composition in the reactor. 

22. A method of making paper, comprising: A. providing an aqueous composition comprising a nitrogen-con- 
taining cationic polymer and a nitrogen-free organohalogen compound; B. adding an enzyme to the aqu- 
eous composition, the enzyme being capable of dehalogenating the nitrogen-free organohalogen com- 
pound while leaving the nitrogen-containing polymer substantially intact; C. dehalogenating the nitrogen- 
free organohalogen compound, to produce a treated product; and D. using the treated product as a wet 
strengthening formulation in a papermaJdng process. 
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